In this work, pendulum fringe and X-ray interferometry methods are used for measuring F hkl parameter, atomic dispersion amplitudes f a , dispersion corrections f ′ ∆ , and single decrements of refractive indices α for CaF 2 , LiF, NaCl and KCl single crystals.
Introduction
Single crystals of alkali halides are widely applied in technologies of optical instrument engineering as elements of optical schemes, Х-and γ-radiation scintillation detectors, thermo-luminescent dosimeters and colour centre lasers [1] [2] . From the standpoint of Xray diffraction, the above crystals are traditionally referred to typical representatives of ideally mosaic crystals [3] [4] [5] [6] [7] . However, advances in the technology of single crystal growth and X-ray topography methods have changed the conventional point of view. Acquisition of pendulum fringes appearing at X-ray diffraction from these single crystals has confirmed directly a possibility for growing perfect single crystals [8] .
In this work, the methods of pendulum fringes and X-ray interferometry [8] [9] [10] [11] [12] have been used in order to measure structural (F hkl ) and atomic (f a ) dispersion amplitudes, as well as dispersion corrections ( f ′ ∆ ) and single decrements (α) of refractive indices. Our studies have been performed using single crystals of CaF 2 , LiF, NaCl, and KCl grown from a melt along [100] direction. Topographic studies have shown that our single crystals have dislocation densities ~ 10 2 сm -2 and, moreover, a presence of mosaic blocks in NaCl and KCl could not be avoided completely. Linear X-ray absorption coefficients of these single crystals are low, making possible topographic investigations of rather thick crystals (~ 1 сm). Notice that the optical parameters F hkl , f a , f ′ ∆ and α mentioned above facilitate predicting unambiguously resources for application of single crystals in the short-wave X-ray optics.
It should also be pointed out that the above optical parameters have earlier been measured by many authors using classical techniques, e.g. the methods of integral intensities of X-ray dispersion, deviation from the Bragg's law, and total external reflection. However, the corresponding measurement errors have been high enough (7-10% [3] [4] [5] ). It is a high structural perfection of our CaF 2 , LiF, NaCl and KCl single crystals that has allowed us to apply, for the first time, interferometry-precision research methods. So, the pendulum fringe method enables measuring the F hkl , f a and f ′ ∆ values with the errors of 0.1-1.0%, while the X-ray interferometry yields the f ′ ∆ and α values for any amorphous, polycrystalline or single-crystalline material, being characterised with the errors as low as 0.1-0.5% [8] [9] [10] [11] [12] .
Experimental
Traditional methods for determining the F hkl and f a parameters are based on measuring the integral intensities of dispersion. Since the accuracy for the absolute values of integral intensities is low (7-10%), these methods have not gained wide acceptance. The pendulum fringe method [12] makes it possible to determine F hkl and f a without measuring the energy dispersion parameters. According to bidirectional approximation for dynamic scattering of X-rays, there are two coherent waves propagating towards each of reciprocal lattice nodes 0 and m, with the interference period [3] [4] [5] equal to
Here the notation 
where u, v, w are the coordinates of the unit cell base atoms, and h, k, l are Miller indices. Inverse proportionality between the pendulum oscillation periods Λ and the structural amplitude F hkl enables measuring, with a high precision (~ 0.1-1%), the absolute values of the structural amplitude F hkl and, hence, the atomic amplitudes f a . Single crystals were made in the shape of wedges, with the apex angles of 1-3 angular degrees. X-ray diffraction from different atomic planes (hkl) was achieved using CuK α -and MoK α -radiations. The pendulum oscillations of X-rays observed in the dif-fracted beams were recorded on photoplates. The experimental procedures and the effect of different factors on the measurement accuracy have earlier been described in [12] and tested on dislocation-free Ge and Si single crystals. As an example, Fig. 1 illustrates the pendulum fringes seen in the case of CaF 2 single crystals. A presence of clear-cut images of the pendulum oscillations testifies to high structural perfection of our single crystals. 
Results and discussion

Structural and atomic dispersion amplitudes
The structural amplitude for the fluorite obtained for the reflection planes (hkl) characterised by an even sum of indices (h + k + l = 2n) is equal to a sum (or difference) of the atomic amplitudes of calcium (f Ca ) and fluorine (f F ). For any odd h + k + l = 2n + 1 value, the F hkl factor represents a multiple of the calcium amplitude (f Ca ) [13] . Then one can determine separately the atomic dispersion amplitudes for the Ca and F atoms, following from the Λ periods. taken from [14] have been introduced to the experimental F ) values is 2-5%. In our case it would be necessary to take into account the contribution of both dispersion and temperature effects to the X-ray dispersion amplitudes. That will be done later, since the absence of reliable experimental values F e in this work has hindered the more detailed analysis. [16] . Table 3 displays the structural amplitudes F T,e for the NaCl and KCl single crystals.
The values
Р e F are given with the temperature and dispersion corrections taken from [14] :
and Cl
f ′ ′ ∆ = 0.7. There is fair agreement between the experimental and theoretical structural amplitudes. At the same time, the errors for the structural amplitudes P e F has increased up to 2-5%, as a result of presence of different dislocations, stresses and block boundaries in the NaCl and KCl samples. 
Single decrements of refractive indices and dispersion corrections
It is well-known that the phase velocity v of electromagnetic wave propagating in crystal differs from the velocity с in vacuum. As a consequence, wave refraction takes place at the interface crystal-vacuum, with the appropriate index 
where ω is the frequency of radiation incident at a crystal, ω g the intrinsic frequency of atomic oscillations, and the coefficient γ equals to 
where the values ∆f' and ∆f" coincide respectively with α and β appearing in Eq. (3), within the accuracy of constant factors. Therefore, the X-ray refractive index n is determined in terms of the atomic dispersion function [3] [4] [5] : 
If ω ≈ ω g , there appear resonance effects resulting in abnormal absorption of X-rays. As shown by experimental investigations, the dispersion effects cannot be ignored completely even in the case of ω >> ω g .
Classical methods for studying n(λ) and ∆f'(λ) have essential drawbacks associated, e.g., with infinitesimal α values and inaccurate measurements of angles and integral intensities. As a result, the accuracy for those parameters is greatly reduced (down to 7-10% [3] [4] [5] ). On the contrary, this study employs the pendulum fringe and the X-ray interferometry methods [8] [9] [10] [11] [12] related to interference pattern geometry, rather than measuring the energy parameters themselves, and so they enable n and ∆f' to be measured with much higher accuracy (~ 0.1-0.5%).
The pendulum fringe method accounts for the contribution of dispersion effects to the structural amplitude (F hkl ± ∆F hkl ), resulting in a change of pendulum oscillation periods Λ given by Eq. (1). For the CaF 2 single crystals, we have used reflection of X-rays from the crystallographic planes (111). Then the dispersion corrections for the fluorine atoms can be ignored, since we have ∆f' F = 0 for both the CuK α -and MoK α -radiations [14] . Therefore, the pendulum fringe period for these cases may be assumed as a reference one. Moreover, the structural amplitude F (111) is determined only by the atomic amplitude of calcium, F (111) = 4f Ca . [18] , where the dispersion corrections ∆f' and ∆f'' are calculated using the relativistic Dirac-Slater wave functions. We also emphasise that the pendulum fringe method provides determining the dispersion corrections separately for each sort of atoms in complex crystal lattices. The X-ray interferometric method [8, 12] involves measuring an interference fringe shift due to a change in the optical path occurring in one of the interferometer arms upon introduction of a sample under study. The shift ∆N is related to the single decrement α of the refractive index via the relation ( )
where t is the crystal thickness and n a the refractive index of air. Fig. 2 illustrates a shift in the Moiré fringes observed after introduction of a wedge-shaped CaF 2 sample. In order to measure the parameters ∆f' and α for the CaF 2 , NaCl and KCl single crystals, we have used K α -radiations of Cu, Ni, Co, Fe and Cr anodes. Table 5 gives the val- 
Conclusions
1. The atomic and structural amplitudes and the dispersion corrections are determined for the first time for the CaF 2 , LiF, NaCl and KCl single crystals, using highly precise pendulum fringe and Х-ray interferometry methods, with no direct measurements of the energy dispersion parameters.
2. Unlike the X-ray interferometry method, the pendulum fringe method has enabled measuring the f a and ∆f' parameters separately for each atom in a chemical compound, as shown on the example of CaF 2 crystal (see Table 1 ). 3. The above methods may be successfully used in the range of Х-ray wavelengths, even in the vicinity of K-edge of absorption, which is impossible in frame of the integral intensity method. 4. According to the Hartree-Fock method used in [14, 17] , the atomic dispersion amplitudes f a are calculated using a nonrelativistic form of wave equation, while the wave functions are presented as a product of the wave functions of separate electrons (a selfconsistent field approach). On the contrary, the method by Cromer [18] employs the Dirac-Slater wave functions that take into account both the relativistic effects and the influence of normal and abnormal dispersion effects. As a matter of fact, our experimental values Summing up, the comparison of the experimental and the calculated α and ∆f' parameters testifies that the normal and abnormal X-ray dispersions in our crystals are most completely described by the Cromer theory [18] .
